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和钙受体蛋白 CAS 反义植株(CASas)，探讨了不同 pH 值模拟酸雨对两种拟南芥
材料叶片伤害、叶绿素含量、可溶性蛋白含量、丙二醛(MDA)含量和超氧化物歧
化酶(SOD)、过氧化氢酶(CAT)、过氧化物酶(POD)三种抗氧化酶活性的影响。结
果表明：模拟酸雨处理一周后，两种拟南芥叶片的叶绿素 a/b，SOD 和 CAT 的
活性随着酸雨 pH 值的降低而降低，叶片可见伤害面积、可溶性蛋白含量、MDA
含量和 POD 活性则呈上升趋势。pH＜3.0 的模拟酸雨会对拟南芥造成严重伤害，
且 WT 对酸雨的耐受性远大于 CASas。 
为了进一步探索植物对酸雨的应答机制，本文利用 Affymetrix 公司的拟南
芥全基因组芯片 ATH1 分析了 pH3.0 模拟酸雨处理 8h、32h、68h 和 116h 后，
WT 的基因表达谱的变化(样品编号记为 A8,A32,A68,A116,C8,C32,C68,C116)，共
检测到酸雨相关的表达量变化两倍以上的差异表达基因 439 个，已知功能及有推
定功能的有 394 个，共分为 15 大类，涉及物质代谢、环境应答、信号转导等生
命活动的各个方面。 
pH3.0 模拟酸雨处理后 8h，32h，68h 和 116h，处理组与对照组的差异表达
基因数分别为 55，66，25 和 30。其中，表达上调的基因数分别为 28，24，19
和 14；表达下调的基因数分别为 27，42，6 和 16。酸雨处理组样品之间的比较
中，A8 和 A32 的差异表达基因有 35 个，其中上调基因 15 个，下调基因 20 个；
A32 和 A68 的基因表达差异极其显著，差异表达基因为 370 个，其中上调基因


































传毒性胁迫、UV-B 和机械损伤 7 种非生物胁迫对拟南芥基因表达谱的影响。结
果表明，酸雨胁迫下拟南芥的基因表达谱和机械损伤最为类似，其次为干旱和遗


















Acid rain is a serious worldwide environmental problem. It leads to acidification 
of environment and impacts the growth and development of plants. To provide an 
essential scientific basis for the identification of plant genes involved in acid-tolerance 
as well as to genetically engineering crops and forest plants tolerant to acid rain, in 
this thesis study I have analyzed the physiological characteristics and gene expression 
profiles of Arabidopsis thaliana under the treatment of simulated-acid rain (SiAR). 
Four different of pH values, pH 2.5, 3.0, 4.0, 5.6 (control) in a gradient were 
chosen to study the effects of SiAR on the physiological properties of wide-type 
Arabidopsis (WT) and the Ca2+-sensing receptor (CAS) antisense lines (CASas). The 
results showed that, one week after SiAR treatment, the content of chl a/b and the 
activities of SOD and CAT were reduced along with the pH value of SiAR in both WT 
and CASas plants. Apparently, the area of leaf necrosis, soluble protein content, MDA 
content and POD activity were increased. In comparison, overall, pH < 3.0 SiAR 
would cause serious damage to the Arabidopsis thaliana, and WT was more tolerant to 
SiAR than CASas. 
In order to further explore the mechanism of plant response to SiAR, Affymetrix 
GeneChip ATH1 arrays were used to study the gene expression profiles of WT under 
pH3.0 SiAR treatment at 8 h, 32 h, 68 h and 116 h (Sample numbers：A8, A32, A68, 
A116, C8, C32, C68, C116). The expression levels of 439 genes were changed 
significantly and among these genes 394 had functional annotations or putative 
annotations in the public databases. They can be classified into 15 categories and are 
involved in several biological processes, such as metabolisms, interaction with the 
environment, and signal transduction. 
After 8 h, 32 h, 68 h and 116 h SiAR treatment, the transcripts of 55, 66, 25, and 
30 genes were significantly changed compared to their corresponding controls, 















genes were repressed, respectively. Comparison between samples of the treatment, 
number of differential expressed genes of A8 and A32 is 35, including 15 
up-regulated genes and 20 down-regulated genes. The gene expression difference 
between A32 and A68 is extremely significant. The number of differential expressed 
genes were 370, which contains 203 up-regulated genes and 167 down-regulated 
genes. We conjecture that there is a tolerant threshold value of Arabidopsis to pH 3.0 
SiAR after treatment for 32 h to 68 h, when various physiological responses changed 
dramatically and expression levels of gene showed significant differences. 
Through the comprehensive analysis of gene expression levels, we have found 
that the transcription of 13 genes encoding calcium binding proteins and 15 genes 
associated with active oxygen metabolism was altered significantly, which indicates 
calcium signal transduction and active oxygen metabolism play important roles in 
plant response to SiAR. The expression levels of genes encoding zinc finger 
transcription factor protein, such as NAC transcription factor, ERF/AP2 transcription 
factors and MYB transcription factors, were in rising trend along with the increase in 
time and intensity of SiAR treatment. Acid tolerance may be improved by regulating 
the expression levels of these transcriptional genes. In addition, the expression levels 
of 37 genes associated with secondary metabolisms were changed significantly. 
Secondary metabolites, such as lignin and alkaloids products, were increased, which 
could improve the acid resistance of plants. Seven genes encoding light-harvesting 
chlorophyll proteins were up-regulated to maintain the activity of photosynthesis. It 
seems that in response to plants use a complex network involving multi-genes and in a 
multi-channel mode. The altered expression levels of these genes at the genomic level 
indicate that Arabidopsis employs a variety of ways to fight against acid rain. 
We have also discovered that genes in the salicylic acid (SA) pathway were 
up-regulated at the beginning of the acid rain treatment, but down-regulated when the 
plants were exposed to SiAR for 68 h. Interestingly, the genes in the jasmonic acid 
(JA) pathway were substantially up-regulated in response to acid rain. Taken together, 
we conclude that SiAR activates the SA pathway at the beginning, while the JA 
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